ABSTRACT Thin-layer spectroelectrochemical methods have been employed to measure the reduction potentials of the blue copper in Polypors veruicolor laccase (EC 1. 10.3.2) between 7C and 41C (0.2 M sodium phosphate, pH 5.4). Thermodynamic parameters are: AS' = -13.9 ± 2 cal/mol-K; AHl = -22.1 ± 0.5 kcal/mol; E' (25°C) = 780 ± 3 mV vs. the normal hydrogen electrode. Comparison of the ASr and Al? values with those for single-site proteins suggests that the high potential ofthe blue copper in fungal laccase is attributable mainly to stabilization of the copper (I) center by enhanced ligand binding interactions and that protein solvation effects play a lesser role.
Our interest in biological oxidation-reduction processes has led us to investigate the thermodynamics ofmetalloprotein electron transfer reactions. In previous experiments we have determined electron transfer enthalpies and entropies for several single-site metalloproteins (1, 2) . We have now extended our work to include measurements of the thermodynamic parameters associated with electron transfer to the blue copper center in Polyporus versicolor laccase, a four-copper enzyme that catalyzes the reduction of molecular oxygen to water (3, 4) .
MATERIALS AND METHODS
Fungal laccase A (p-diphenol:02 oxidoreductase, EC 1.10.3.2) from Polyporus versicolor was prepared according to the method of FAhraeus and Reinhammar (5) . Enzyme concentrations were determined at 610 nm, using a molar extinction coefficient (e) of 4,900 M cm-1 and a Ae (oxidized -reduced) of 4,600 MW cm-' (6) . Concentrated enzyme solutions were stored frozen at -600C and dialyzed into 0.2 M sodium phosphate buffer (pH 5.4) 
log([O]/[R]).
All solutions were deoxygenated prior to use by vacuum/ argon cycling on a vacuum/purified argon double manifold and loaded into the OTTLE cell by using rubber septum caps and syringe techniques. The platinum wire auxiliary electrode was situated in a compartment (containing deoxygenated supporting electrolyte) that was isolated from the protein solution by a porous glass frit (10) . Octacyanomolybdate standards and solutions containing this reagent were always prepared immediately prior to use and protected from light to minimize photodecomposition of the Mo(V) species (11 (Fig. 2) . This is in excellent agreement with results obtained by Reinhammar per center at each applied potential was apparent from the stabilization of the absorbance at 610 nm (cf. Fig. 1 Inset). The enzyme could be reversibly cycled between its fully oxidized and fully reduced forms, and the value of E' calculated for the blue copper center was independent of the direction of the experiment. In a typical experiment the enzyme solution was put through two reductive cycles and two oxidative cycles and the mean of the four resulting E' values was 781 mV with a SD of ±3.3 mV (Fig. 1) .
The temperature dependence ofthe formal reduction potential of the blue copper center in fungal laccase is shown in Fig.  3 . A least-squares fit of these data gives an E' at 250C of 780 mV and (dE0/dh)25.c = 73.9 uV/0C. The partial molal ionic entropy difference between the reduced and oxidized halves of the redox couple of interest (i.e., the electron transfer reaction entropy, AS') is directly proportional to the temperature coefficient of the nonisothermal cell (1, 13) : plete cell reaction adjusted to the NHE scale, ASO, is -13.9 ± 2 eu when a value of -15.6 eu is assumed for AS" (NHE) (i.e., S'+ is assigned a value of zero) (1). The corresponding reaction enthalpy, AH0, is -22.1 + 0.5 kcal/mol with E0(250C) = 780 ± 3 mV.
The value of AS', for the blue copper in fungal laccase falls at the high end of the range (0 to -20 eu) established from measurements on several single-site metalloproteins, and it is not very different from that measured previously for bean plastocyanin (1) . This suggests that the blue copper in the fungal enzyme is partially exposed to water molecules in the medium, in agreement with kinetic data (3). Thus it is reasonable to conclude that the anomalously high reduction potential is not solely the result of solvation effects. Indeed, the strikingly negative AHO for the fungal blue copper indicates that the copper(I)-ligand binding interactions are particularly strong. Our thermodynamic data, therefore, reinforce the conclusion based on spectroscopic analyses (14, 15) 
